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EYE PROTECTION
= p. Feldman
1. INTRODUCTION AND REQUIREMENT '

The U. S Army ‘has a requlrement ‘to prov1de pPro- -
tection agalnst flashblindness due to riuclear bursts. e
These requirements are set forth in CDOG paragraphs 1&39a o
(19), and 1439a(20), and in Military Characteristics for o
Flashblindness Proteotlve Dev1ce _ R

Due to the nature of nuclear warfare, personnel
cannct always be aware of the time and location of a N
nuclear detonation and in mu¢h less time than it takes to _
bling, personnel without protection for the eyes can sus- .
tain either temporary damage in the form of flashbllndness,
or permanent lnjury in the form of chorioretinal burns.
As testg. at nuclear field exercises have shown, there is a
need for concern in the mllltary for protectlon dgainst
Flashblindness because these effects can be sustalned at
distances greatly exceeding the 1limits for other prompt
gignificant effects. Flashblindness, although of a I
temporary nature, can render troops combat ineffective. foru  .
periodsg of time up to 30 minutes in the most severe cases '

The problem of vzsual re- adaptatlon after . exposure to_}
a very high intensity light will become a major field '
problem during nuclear warfare conditions. Ba31ca11y, the .
problem is one of re- adaptatlon to a level: Suff1c1ent to_'_ _
permit the carrying cut of duties necessary for continuance
of the mission. 1In so far as ground troops are concerned
this re- adaptation, level will mean a falrly hlgh degree of
dark adaptation. Tfor nlght operatlons R o B

In addition to the requlrements preV1ously cited there
is also a requirement to. provide protection to the indi-
vidual scldier against the thermal effects- -of ‘nuclear
weapons. Such protection of course must also include .the
eye and the skin areas surrounding the eyes. Ih view of
the much greater susceptibility to mechanical injury of -
these areas as compared-to-other parts of the head, it
appears reasonable to assume that less thermal energy will .
be required to produce mild burns in these areas than in
the' other regions. Also, burns in these areas probably
will have a much greater capability of causing combat in-
effectlveness ‘than for example a similar degreé of burn on
the cheek or neck. The problem of eye proteotlon for Army
troops is therefore really threefold: u(l) protectlon against
flashblindness, (2) = thermal protection, and (3) ballistic -
Iragment protectlon The first two are being investigated
under the Thermal Protection Program: tbe third is under the
Personnel Armcy Program. FEa
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2. orsoussron

Exposure of the eye to extremely bright sources of
light can cause either flashblindness or chorioretinal
burns. The flashbllndness is temporary while' chorlo—
retinal burns usually produce a permanent effect. The
recovery time for flashblindness is dependent upon the
intensity of the source, the duration of ‘exposure,and .
the ambient light conditions. The problem, however, is
not actually new s8ince personnel such as pillots have
been flashbllnded by searchlight beams, flashes from

rocket firings, and éven by lightning flashes. In these .

cases ‘the aux111ary 11ghting of the aircraft instrument.

panels help greatly 1n combatlng the mlld flashbllndnessrf-"”

‘produced

Three fa'c"to_x%s contribute to the relative scotoma and

lowering of visual acuity durihg and following expdsure L

to a high intensity light (scotoma is defined as a dark .
or blind area in the visual field). . These are glare

from the source, bleaching of the visual pigment with the' f”"

resultant time interval for re- adaptatlon,and the .
formation 'of after images. Because of the inter--
relationship of the above factors the effects of the

intense stlmull are compllcated and dlfflcult to estlmate;_

Glare 1S any degree of 11ght falllng upon the - retina

in excess ol that required to see clearly Glare can be -E ffF.

dlfferentlated 1nto three types T T

Velling glare ' ThlS is created by 1lght .
uniformly superlmposed upon the retinal image whlch :
reduces contrast and therefore V181b111ty s

b, Dazzllng glare: Adventltlous 11ght _
- scattered in the occular medla 80 as not to form part of
the retlnal 1mage

c. ‘Scotomatic or bllndlng glare: Produced by o
light. of sufflclent 1nten51ty to reduce. the sen51t1V1ty e

of the retlna

A1l three types of glare are present to a very hlgh
degree 1n nuclear Weapon detonations and to varying

degrees in ‘'other high intensity llght sources. The flfst'°f
two,. (velllng and dazzling glare) however are only evident
while %the Source is present. The third, bllndlng glare, i

is slgnlflcant because it produces the Symptoms, e.g.
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(after image formation) which pers1sts long after the' 7:‘Tﬁ
source has vanished. 4An idea of this effect can be '

obtained by gazing at a bright electrlc llght bulb: for a ff?cff”

time, then turnlng the light off. The 1mage oFf the bulb -
will remain: This" 1ndlcates that the retinal image formlng
processes have” pers1stence “The - duratlon of."the scotoma__”‘”

is pfoportlonal to the 1ntens1ty and duration of exposure, jLﬂfﬂi
If the original stlmulatlon is of sufficient duration. and .

intensity, -the" sensatlon Wlll persist with an lhten51ty

adequate to greatly reduce or entlrely obllterate per-. -
cepbion until the effect is- ‘dissipated. "This is the f
primary factor inflashblindness, The individual is much®
more prone to these effects in areas or times of very low. .

ambient llght darknessaf. ‘Under . these- condltlons, b
the pupil is dllated and- admits upwards of 50 tlmes more

light to theé retina than during. daylight hor s . ThlS faQtﬂﬁﬁ s

probably accounts for the. lack of retinal burns at '
Hiroshima whéere the bomb was detonated. agalnst a . very .
bright sky background on a clear day and the pupils were
well contracted. : _

Retinal burns can be obtalned from exposure to much
less than 1 oal/'cm2 incident at the . cornea. At great.
distances, the 'size of the burn produced on the retina .
i1s directly related to the. s1ze of the fireball and ,.w:-'_-
distance from" the flreball ‘This 18 to be- expected since -
the eye acts aga’ ‘focusing deV1ce - The focus1ng actlon o
of the eye also accOunts for the’ fact” that very low. .

energles "can cause a chorioretinal burn.  Low. energies are

concentrated in a small ‘ared raising the energy ber. un;t
to levels sufficient to cause damage.

Most of the chorloretlnal burns that have been

studied were located in the peripheral atreas of the: retlsaji"ff:f
-and may not be an.exceptlonally grave mllltary hazard even__' '

though the damage was permanent. = As a note of 1nterest
it might ‘bée mentloned that there 1s very 11tt1e or. no
pain ass001ated w1th such burns ' T

Vision at nlght is dependent upon perlpheral retlnal
sensitivity which ‘increases 50,000 %to 100,000 times over
daylight sensitivity on dark adaptation. Thus, the time
for adequate recovery can be quite Jdong and may serlously
affect the outcome of a nlght m1s51on 1f the personnel
are fiashbllnded - . .

At one ‘of ‘the weapon tests,two weapons ere used and_e'

the pmlses segmented to determine the effective portlonsf',s:f“

of'. the burst in causing ‘retinal burns, It was’ found that
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the blink reflex offers no protection.. The blink reflex .
is about 100 to 150° mllllseconds duratlon " 'The burns .. .

and flashblindness were; produced in the. very early = . .
portions of the: detonations In. general it.was found.

that high altitude bursts can cause retinal burns and 11T],*f'”"

flashblindness at great distances,.and that at low

altitudes and ground bursts these effects can also. oceurhfvuy

far beyond the zones for prompt. effects but not quite.

as far as” the very hlgh altltudes -This . is espec1ally e
true of Very low yleld weapons. For troops using.or in .
the vicinity of use of weapons,'eye proteotlon becomes

a nece351ty S s S _ ces

Means of.AchieViﬁg.Eye;Pfdtection,'% ;Whét;sreﬁthes N
approachég that can be used or that offer promige of a

solution to the problem? These can be broken down 1nto'op P

two broad categorles .'(l) “those that will yleld

limited protection, and (2) those that will yield. full rv;;];;;:
protectlon [ Full protectlon can. further be broken down . ‘

into: .
.a. The reversible or. ”mU1ti*$h¢tq:iﬁemiﬂang-i',:

.b the non—rever81ble or ‘5hé'éhot"“i£éms |

Limited. Protection; By llmlted protectlon we

mean the decreasing of the 11ght 1ntenslty enterlhg the
eye to a level which will only. cause a-mild case.of

flasbblindness. This can be achieved by use of fllters;f]ﬁ’”

light or VlSlOﬂ restrictlng goggles or systems whlch do

not quite provide ‘the optlcal denS1ty for fUIl pfotection:_?

Fllters capable of giving limited protectlon are '
either neutral den81ty types or' freguency band types.
Both of* these restrict or cause sufflclently s1gn1ficant
changes in visual capacity and aculty to make. them un- .

acceptable "eéxcept possible for very brlght daylight use;i-*:

Under the conditions of very bright. background the re-
adaption level is clofe to the exposure level and there
is therefore no significant hazard. Their use would be . -
pPOhlblted for night tlme condltlons or: operatlons '

As mentloned ‘an approach to some. form of 1mmed;ate;f5;

limited protectlon is to.limit the amount of. Tight - L
entering the eye by somewhat restricting the vision. K A ..
feasibility study along these lines has been made and a
rough model of a goggle prepared., This gystem 1nvolves“ L
the placement or. opaque louvers into the proposed . . . .
balllstlc eye armor " This item should also prOV1de some .
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degreé?ofithermaliprotection‘to the skin areas around the - .

“eyes. While vigion with these ‘goggles 1s somewhat re---
stricted: 1n the vertical aspect the forward vigion is. .
unhindered. ‘By: slightly: tlltlng the: head -vertical - ViSlon.v_
can be- obtalned ‘Tateral vision will be unhindered except-
for the portlon obstructed by the goggle frame or body

Fu11~PPoteotlonf Mechanlcal and Elecﬁrlcal Types =
In the full protection areas we can: have purely mechanical,.:
electro-mechanzcal ‘electro-optical, and photochemical - .-
types. Purely mechanical €ypes. encompass.various. sorts of
mechanlsms CThese are usually triggered manuvally. They
are, for eye protection purposes; too slow because of the
delay caused by human reac¢tion' time. ' By coupling the
mechanical features with automatiz electronic systems, the
speed of closure can be made to come within the limits
desired. The triggering mechanism can be of either spring
or other forms of ten51on loadlng, gasWdriven, or. use
explosive dev1ces Lo LTI R

Electro optlcal systems can have elther moving parts S
or no moving parts. Prime examples of. thege would be:
polarizing lenses which have ‘to be rotated to become dark.
or the polarlzlng ‘effects 'such as occur in the Kerr or

Faraday cells. The rotating lens system would be somewhatuﬁ-"

the same as ‘the mechanical type, i.e., a sensing element
would actuate ‘a motor, spring, or some sort of mechanical
device to cause rapid rotatlion of: the podlarizing material..
The system has somewhat the same drawbacks as the purely
meohanlcal type T D TN EE

The'Kerr Cell-type-is very different in its operation. -
‘Basically, the Kerr Cell is & closed contalner with ends .
made of polarizing plates.: The cell is fililed wilth a
very high purity nitrobenzene. Also incorporated in the
cell are electrodes., The nitrobenzene 1is a birefringent
material and if the polarizing plates are set so that
they are in the closed position, the unit will not transmilt
light. If they are set in the open position, light is
transmitted. When a sufficiently high voltage (well over
1000 V.) is passed through the nitrobenzene, the nitro-
benzene molecules oriet themselves in such-a manner so
as to act as a polarizer and thus negate the effec¢ts of’
the polarizing plates. Under the stressed conditions, if
the polarizing plates were initially in the open position,
the orientation of the nitrobenzene will -then block the
transmission of light. The system can be actuated in ex-
tremely short time periods. The principal drawback of
auch & system lies in the fact that heavy accessory

v
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equipment is. required.  The. power amplifiers, power supplies, -
etc. would welght well over 100 lbs. In-addition, the high
voltages necessary may be a hazard. - Obviously these are
not compatible With the concept of the modern soldier where
weight and moblllty eon51deratlons are extremely important

The Faraday Cell operatee on the pr1n01p1e that 11ght
will be polarized when - passed through a strong magnetic -
field. ~Thus, if light from a polarizing material is passed -
through a strong magnetic field, 1t will be rotated. I

the analyzer portion of the polarizing system wag initially ﬂl_.

crossed, the rotation in the magnetic field will then have
the effect of rotating the analyzer to pasgs the light. If
the analyzer was.set to pass the polarized 1light, the.
rotation w111 then cause the. llght to.be blacked out

Another system belng evaluated utlllzes crystal
orientation. :This type of shutter consigts of 2 glasgs :
plates with electrical conductive coatings on their inner .
faces. Between the two glass plates 1s a suspension of
~ certain erystals in a plasticizer. When these crystals.
“are in random orientation, no iight passes. When'a current
"flows between the two conducting surfaces, the crystals
orient themselves at rlght;angles-to.the current flow and .
allow ‘the: light to.pass. ‘In guch a system a constant.
current must be maintained to effect light transmission.
This prineiple is very similar to the streased plate ,
shutter belng developed by Ordnance Corps _ -

Photo chemlcal Syetems - Photo ohemleal systems are
under intensive 1nveet1gatlon by a number of firms and
military agencies including the Quartermaster Corps, - In
general, the following. mechanisms operate to cause. photo—
troplc response of organle and 1norgan1c compoundsn

ClS trans re- arrangements
bl 'Rlng openlng and closure
.“C.aiSalt Asomerism.. . »
“d.iﬁRedox reactlonse
' ;eufeColor oenter reaotlons
'efQ:;Intra—moleeular re- arrangement

'g;i Others
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-Cisatrans-re—arrangements -~ This type. of reaction
is a form of isomerism, 1T does not appear to offer too
great a promige for ‘our purposes. - An example of this
type would be the conversion of Stilbene from the cis
(non-planar) form to the trans (planar) form. Here the:
absorptign of the ¢is form has a maximum of -13% at 2800..
to 2400 A while the trans form absorbs-about 25% between
3000 and 2400 E ~Most changes of this nature have not
yielded & great enough change in absorptlon characterlstlcs
to warrant further 1nvest1gat10n

Ring Openlng and Closure - -Ring opening and eclosure
is being studied exten51ve1y by the National Cash Register
Co. Their interest in this c¢lass of compounds arose from
thelr possible use in a memory storage system., They are
working on these compounds for the Alr Force for use in
eye protective ‘devices. The compounds National Cash
Register Co. is sp601f1ca11y studying belong to a class of
compounds called spirans. These are compounds in which a-
single atom is -a.commoh member of two: rings with 3 'or more -
members. An example of a member of this class would be- -
splropentane

Salt Isomerism. - Salt iscmerism can be exemplifled
by the Triphenylmethane or ‘polymethine types of dyes. The
cyanldes, borates, sulfides, and hydroxides for example are’
vhototropic when eXposed to near ultraviolet light. They
change rapidly from the bleached colorless form to deeply
colored blues and violets. By side chain substitutions. -

‘and the use of a polymethine nucleus the color form can be =

shlfted to practically any wavelength. 1In-addition, by
adding amineg or perchlorates the back reactlon can be
adjusted to glve slow or fast rates. : :

Work to date indicates that this Type .ol phototrope
can change in at least 14 mlcroseoonds ‘The activation
wavelengths range Trom 320 to 400 myA. ' They have good
molar absorption cco-efficients and are adaptable to
incorporation in clear films. An additional fact is that
they appear to be capable of thermotropism. The principal
drawback with these compounds appears to be a lack of
resistance to continuous exposure to’ ultraviolet light.
However, this varies with the compound tested. Some
compounds will withstand over lOO hours exposure to
ultraviolet 11ght :
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Redox Systems. - Redox systems are the most common,
They occur in botTh organic and inorganic compounds. The
reaction is a transfer of electrons with a subsequent -
change in the ability to rescnate. Compounds of the multi-
valence metals,.iron, .chromium, mercury, titanium, etec.
in the presence of an electron donor or acceptor can be-
pregsured by light to change valence and therefore color.
For example, molybdenum oxide changes from yellow in dark
to blue in the light. Titanium oxide in the presence of
FetT™* can change from white to black in near ultraviolet
light. Workers have concluded from a study of Ti0o 'that
when light strikes an 1mpur1ty ion, e.g., Pe™tt 1n 4 TiOg
latice, an electron moves either into an 02 vacancy of
the defective crystal structure thus producing an Fett+t
ion or the electron attaches itself to a_Ti ion to
give a colored TitH+ ion. Thus, the redox system here can
also be considered a form of "F" center coloration. Most .
organic redox systems bleach instead of darkening when .
exposed to ultraviolet light. They require a second .
component. These components capable of causing a back
reaction are limited in number, ' :

Color Center Reactions., - Color center types can be
illustrated by Hackmanite, a variety of sodalite. These
are sodium aluminum silicates. If an impurity such as
ions of NaCl or sulfides exlsts in the crystal structure
color centers are formed. Hackmanite for example changes
from a pink to purple on lrradiation with ultraviolet
light,. ... Preparation of transparent materials of such
SOlldS are difficult.  However, the potentlal for break-
down will probably be low. : c

Intra-Molecular Re-arrangement, - Intra moleculgr
conversions are illustrated by the anils. These are _
usually colored to start and the color deepens greatly on
exposure or may change. The color changes are very limited.
They usually are a deepening of the original color. ;

Inorganic Materials. - These include halides of metals
etc., Most of these are quite insoluble and difficult to
make into transparent layers, In addition, ‘the back
reactlons are rather slow. However, a number of these show
thermotropic characteristics and may find usge as an adJunct
to the phototroplc mechanism,

For,QuartermastePZCorps purposes the results to date -
of the various studies belng made 1ndicate that the -
triphenyl methanes and polymethines probably offer the best
means of achieving a quick solution tc the problem. The
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other mechanisms for various reasons are either not readlly
applicable or require much more work than the 1somer15m

tyre to make them practlcal

The varlous studles on the organic phototroplc com-f”-

pounds ‘have sHown a strong dependenoe ‘of: the phototropic e

reactiori-to ‘the solvent used.  This complicates the. .
Quartermaster Corps'work because wWe are -attempting to in="-
corporate the compounds in the eye armor material, a solid
material.  Most-compounds exhibit- a very weak, slow, or no;
color change when ‘incorporated into a re51n or Solld g
substrate or when used by themselves s .

Many of the mechanlsms mentloned prev1ously have A
geries-of initial ‘steps which are quite similar. - The end
products” varylng ‘because of ‘the natiure of "the orlglnal
materials. ~'As has been.demonstrated by .a numbetr of. 1n—*'
vestigators,;mostfof the ‘reactions are initiated by the =
absorptionoflight-and the consequent: raising of the
energy statées:of the orbltal electrons ‘to activated .

singlets or tripiets.. ‘The chemlcal reactions such asg rlng S

opening;'molecular'resonance etel; proceed -from thesge-
energy-rich states.  Thus, many of the changes. observed
may be closely related to fluorescence and phosphoreseence*
cat 1east in the 1n1t1al steps




-3, QU EFFORT - -

The Quartermaster program ‘has been prlmarlly dlrected _
towardsg: - (1) .-the preparation of new phototropic materials

in the trlphenyl methane and polymethine -class, - (2) - evaluf.:fy"

ation of systems incorporating phototropic.materials, and &
(3) developlng an. 1nter1m 1tem wlth one= way characterlstlcs.;'

The salt isomerism- type of phototroplc materlal was
chosen because this class of compounds exhibited good -
properties for most of the requirements., These compounds
exhibit their color change through a rescnance phenomenon
on being -activated by ultraviclet light of .2 .to .4 microns.
It has been-found that by altering the: central carbon chaln
length by side chain-substitution that the wavelength of . .
respoase and -final-color can be  changed. ;A'full range -of - -
colors 1s -therefore theoretically possible. The synthesis .
program has. shown that when electron donor substituents
such as alkyl, amino, hydroxyl, and alkoxyl groups were
placed. in the molecule.a shift in absorption peak to the ..
longer wavelengths was:obtained. By the same token, a -
shift to:shorter wavelengths could be obtalned by the substi— :
tutlon of electron acceptlng groups S . S Lo

Although the color of the dye may be changed and/or
intengified at will by the proper choice of substituents,
these substituents also have an effect on the phototropic -
behavior of the material. The phototropic response of a
material. is dependent upon the resocnance states in which
the cation exists and to the extent that 1t acts as a
nucleophilic agent. Here again, the electron donor or
acceépting characteristics of the substltuents control the
total effects

In phototropic reactions the dye cation after absorbing
the photon, goes to an intermediate or excited state. It
is from this excited singlet or triplet state that the
reaction products are formed. The colored dye form, the
breakdown products, or even a polymerized dye form can all
come from this state. The exact nature of the mechanism
and the effect of various substituents on the dye cation
has not been evaluated. The investigation of structure,
resonance state, and mechanisms from a guantum mechanics.
approach reguires more extensive instrumental techniques .
than are available at this time.

Other areas studied were obmplete syatems, bleaches,
effects of concentration and intensity, and quality of the
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activating energy. It. has been found that.certain solvent
combinations and resins have major effects on the reaction
rates and optical densities obtained. It was initially
thought ‘that the dielectric constant of a solvent would be
an indication of the effect on the phototroplc mechanism,”
However, 1t was found that there was no dlreot correlatlon
between thege factors.

: The speed of response of a complete system was in-
~vestigated using a flash technigue. A high intensity )
flash (2400 watt seconds) was used as a source. . The
response was measured by a’ ‘photocell and a dual trace
ogcillogcope. Response times of less than 30 mlcroseconds
were observed. Quantum ylelds approaching one (1) have
also been meagured using a ferrioxalate actinometer. Two
major problem areas are: (1) storage stabllity, and (2)
_sbability to sunlight. The most effective compounds found
- to date to increase the stability are phenolics with a _
second oxygen containing group. However, the, 1ncrease in _
,stablllty ig at the expense of sen81t1V1ty
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4. - FUTURE WORK AND PROBLEM AREAS

' In the_futurepstudiespwill-be conﬁinﬁed-on;
a. 'New_phbtotropic'compounde; |

b. Basic studies on mechanisms and kznetlcs of
various phototroplo and photochromlc Treactions. :

G. Investlgatlon of new approaches to solv1ng
the eye protectlon problem '

" d. Work ig requlred in certain areas pertalnlng'“_"

to weapon phenomenology to deflne the problem more
accurately

'(1) Determinetiohjofjﬁime-energy history
of the first pulse. ST S

: (2) Determination of spectral distribution
of the first pulse with respect to time.

(3) Determination of time-illuminance
characteristics of the first pulse.

: (4) More accurate determination of the
‘ultraviolet energy transmission through the atmosphere.

e. Work is also required in a fundamental
study of eye physiology as it relates to flashblindness.,

(1) Determine whether there is a spectral
‘dependency on the production of flashblindness.

(2) Determine the minimum amount of light
to cause flashblindness of varying duration when adapted
to various ambient illumination levels.

f. Work is also required in human factors

englneerlng to determine the optimum type of instrument
faces for quickest readlng‘after.belng flashblinded.

52




